In this paper, a likely situation of a set of decision maker's with bi-objectives in case of fuzzy multi-choice goal programming is considered. The problem is then carefully formulated as a bi-objective bilevel programming problem (BOBPP) with multiple fuzzy aspiration goals, fuzzy cost coefficients and fuzzy decision variables. Using Ranking method the fuzzy bi-objective bilevel programming problem (FBOBPP) is converted into a crisp model. The transformed problem is further solved by adopting a two level Stackelberg game theory and fuzzy decision model of Sakawa. A numerical with hypothetical values is also used to illustrate the problem.
INTRODUCTION
Bilevel Programming Problem (BPP) was first introduced by Bialas et al. [1980] , they called it a two level programming problem with two levels of decision makers (DM), viz., the leader or first level decision maker (FLDM) and the follower or second level decision maker (SLDM). They also developed the Kth algorithm to solve their problem.
A BPP can be viewed as a standard mathematical program whose constraint region has been modified to include an implicitly defined function. To see this, suppose that each of the First and Second level decision maker wishes to maximize his own objective function, F and f respectively. As in the conventional setting FLDM has control over the set X ⊂ R n and SLDM has control over the set Y ⊂ R m where X ∩ Y = φ . It shall be assumed that FLDM has the first choice and selects x ∈ X, followed by SLDM who selects y ∈ Y , and that each objective function jointly depends on both of these choices; that is, F, f : R n × R m → R. A further assumption is that the choice made by the FLDM may affect the set of feasible strategies available to the SLDM. Bard [1982] defined BPP and solved the problem using grid search algorithm.
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solution for the hierarchical problem of BPP. Among them are U.P. Wen [1986] , Mathieu et al. [1994] , Lu et al. [2005] , Shi et al. [2005] , Liu [1998] etc. who solved the BPP using different approaches.
Zadeh introduced fuzzy sets as sets with boundaries that are not precise. A fuzzy set can be defined mathematically by assigning to each possible individual in the universe of discourse a value representing its grade of membership in the fuzzy set. The fuzzy programming approach [Inuiguchi and Ramık [2000],Rommelfanger [1996] , Slowinski and Teghem [1990] ] is useful and efficient for treating a programming problem under uncertainty.
While a classical and stochastic programming approach may cost a lot to obtain the exact coefficient value or distribution, fuzzy programming approach does not [Rommelfanger [2004] ]. From this fact, fuzzy programming approach can be very advantageous when the coefficients are not known exactly. Fuzzy programming offers a powerful means of handling optimization problems with fuzzy parameters. Fuzzy programming has been used in different ways in the past. The fuzzy programming method for multi-objective programming problems was proposed by Zimmermann [1978] and has been advanced by Sakawa and colleagues [Sakawa [1993b] ]. An interactive fuzzy satisfying method for multi objective linear programming problems and the interactive fuzzy decision making for multi-objective nonlinear programming using augmented minimax problems have been also introduced Luhandjula [1987 [ ], Sakawa [1984 , Seo and Sakawa [1988] . The fuzzy programming method in which fuzziness in the decision making process is represented by using the fuzzy concept has also been studied extensively and many results have been published [Rommelfanger [1996 ], Teghem Jr et al. [1986 ]. This method can be applied to not only the linear multi-objective but also the nonlinear multi-objective programming. There are many more authors who work on fuzzy problems some of them are Ganesan and Veeramani [2006] , Allahviranloo et al. [2008] , Ezzati et al. [2013] who have studied fuzzy linear program with triangular and trapezoidal fuzzy numbers A new area of research was originated by Healy [1964] known as a multiple choice programming problem. In these problems there is a requirement to choose, among several possible combinations as an alternative to optimize an objective function subject to a set of constraints. It is a mixed binary programming in which all binary variables constitute a number of mutually exclusive choices where only one variable is to be selected. Multi-choice linear programming problem has been discussed by several authors such as Rav, Hiller and Lieberman [1990] etc. Chang In this paper the author has considered a case of BPP with two objectives at each level with multiple fuzzy choices for goals for every objective. They have further considered the cost coefficients and decision variables to be symmetric trapezoidal numbers. The problem is formulated and then crisp values using ranking functions are used to solve the formulation adopting the two planner Stackelberg function [see Anandalingam [1988] ], the well-known fuzzy decision model of Sakawa [1993a] for a tolerance membership function.
PRELIMINARIES
Some basic definitions which are frequently used in the theory of BPP and fuzzy set theory.
For x ∈ X ⊂ R n , y ∈⊂ R m , F : X ∏Y → R 1 and f : X ∏Y → R 1 , the linear bilevel programming problem (BLPP) can be written as follows:
Definition 1(a) Constraint region of the linear BLP problem:
The linear bilevel programming problem constraint region refers to all possible combinations of choices that the leader and the follower may make. Definition 1(b) Projection of S onto the leader's decision space: 2.
Definition 1(c) Feasible set for follower after every fixed x ∈ X:
Definition 1(d) Follower's rational reaction set for x ∈ S(X):
Definition 1(e) Inducible region:
S is assumed non-empty and compact and for all decisions taken by leader, the follower has some room to respond i.e. P(x) = φ . P(x) defines response while IR represents the set over which leader may optimize. The rational reaction set P(x) defines the response while the inducible region IR represents the set over which the leader may optimize his objective.
Thus in terms of the above notations, the linear BLP problem can be written as
Even with the stated assumptions, problem may not have a solution.
Fuzzy Set: Let A be the universe whose generic element be denoted by a. A fuzzy setÃ in A is a functionÃ :
Fuzzy number: A fuzzy numberÃ is a fuzzy set of the real line A, whose membership function µÃ(a) must posses the following properties with
( 1) where
] is continuous and strictly increasing and
] is continuous and strictly decreasing.
Membership function µÃ(a): We frequently define functionÃ and say that the fuzzy set A is characterized by its membership function
Symmetric Trapezoidal Fuzzy Number (STFN): A symmetric trapezoidal fuzzy number can be completely specified by the foursomeÃ = (a (1) , a (2) , γ, γ) on real numbers R if there exist real numbers a (1) , a (2) ; a (1) ≤ a (2) and γ < 0 such that the membership function is
The symmetric trapezoidal fuzzy number (STFN) is depicted in the figure below
then their product can be defined as
FORMULATION OF BI-OBJECTIVE BILEVEL PROGRAMMING PROBLEM (BOBPP)
Again, the BPP can have more than one objective function at each level. So we consider here a linear bilevel programming problem with two objectives of maximization type at each level. Let the leader, FLDM have control over decision variable x ∈ R n and the follower, SLDM, have y ∈ R m . Moreover, the decision variables are trapezoidal fuzzy number with fuzzy cost coefficients. Cost coefficients are also fuzzy trapezoidal number. Mathematically, Bilevel Programming Problem (BPP) with two objectives of maximization type and fuzzy parameters can be written as follows
Now, in real life problem there may be situation where there are more than one choices in goals in such case the DM's of BOBPP have multiple fuzzy aspiration goals. Then BOBPP with multiple fuzzy aspiration goals may be formulated as
where G i , i = 1, 2. are fuzzy aspiration gaols of FLDM and g i , i = 1, 2. are fuzzy aspiration gaols of SLDM. Since there are fuzzy aspiration goals at each objective the fuzzy bi-objective bilevel goal programming problem (FBOBPP) can be written as different cases. Case 1. When there are two fuzzy aspiration goals to choose the FBOBPP will be
Case 2. When there are three fuzzy aspiration goals to choose the FBOBPP will be We see a binary function is associated with these cases and we may generalize the term as a function of Ω i (z, k), then the generalized FBOBPP may be written in precise as
where the membership function for i th objective function in first level is given by
and membership function for i th objective function in second level is
SOLUTION OF BOBPP WITH MULTIPLE FUZZY ASPIRATION GOALS
Now, we adopt the two level Stackelberg function and fuzzy decision model of Sakawa [1993a] to solve the above model of BOBPP with multiple fuzzy aspiration goals. According to this method as given by Emam [2006] the FLDM gets a satisfactory acceptable solution. Then decision variable and some goal are give to FLDM with some room for SLDM to get an optimal solution which is closest to the optimal solution of FLDM.
Solution of the FLDM problem
The FLDM obtains the optimal individual solution, say F * i of all the objectives in upper level and solves the given problem. Now we can get the solution of the FLDM problem by solving the following problem
whose solution is assumed to bẽ
In similar way the SLDM solves his/her problem and denote its individual optimal solution as f * i . Again the solution of the SLDM's problem is obtained by solving the problem given below
4.
4.1.
Solution of the SLDM problem
whose solution is assumed to bex S ,ỹ S , F S i ; i = 1, 2, . . . , m Now the solution of the FLDM and SLDM are disclosed. However, two solutions are usually different because of nature between both levels objective functions. The FLDM knows that using the optimal decisionsx F as a control factor for the SLDM is not practical. It is more reasonable to have some tolerance that gives the SLDM an extent feasible region to search for his/her optimal solution, and also reduce searching time or interactions.
In this way, the range of decision variablesx should be aroundx F with maximum tolerances t and the following membership function specifyx F as
wherex F is the most preferred solution.
First, the FLDM goals may reasonably consider all F i ≥ F F i , i = 1, 2, . . . , m absolutely acceptable and all F i (x,ỹ) < F i = F i (x S ,ỹ S ), i = 1, 2, . . . , m absolutely unacceptable, and that the preference with [F i , F F i , i = 1, 2, . . . , m] is linearly increasing. This is due to the fact that the SLDM obtained the optimum at (x S ,ỹ S ), which in turn provides the FLDM the objective function values F i , makes any F i (x,ỹ) < F i , i = 1, 2, . . . , m unattractive in practice.
The following membership functions of the FLDM can be stated as
Second, the SLDM may be willing to build a membership function for his/her objective functions, so that he/she can rate the satisfaction of each potential solution.
In this way, the SLDM has the following membership functions for his/her goals:
where
Finally, in order to generate the satisfactory solution, which is also a Pareto optimal solution with overall satisfaction for all DMs, solve the following Tchebycheff problem. 16, 20, 22, 22;30 = 15, 30, 45, 45;9 = 7, 9, 12, 12 23 = 20, 23, 25, 25;10 = 7, 10, 12, 12;24 = 20, 24, 28, 28 Thus, the above problem in terms of symmetric trapezoidal fuzzy numbers can be rewritten as (16, 20, 22, 22) 
The symmetric trapezoidal individual optimal values of the objectives of FLDM, SLDM,x andỹ are given in Now, using eq. (9) the FLDM's problem is as given below 
